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▼PCR is extremely sensitive to minute variations in reac-
tion conditions and hence the amplification efficiency can
vary between individual samples (Ref. 1). Therefore, the
most accurate method of assessing the efficiency of individ-
ual amplification reactions is to include internal standard
molecules in each amplification reaction. This procedure
allows the estimation of initial gene copy numbers from
the final copy number after amplification and removes any
tube-to-tube variation. These internal standard molecules
should ideally possess the same primer sites as the target
and consist of almost identical DNA sequence apart from
a small deletion to allow identification (Ref. 2). The inter-
nal standard molecules amplify with the same efficiency
as the target and this allows quantitative analysis of target
copy number (Ref. 3). If they are short enought, internal
standard molecules may be synthesized using a DNA syn-
thesizer. However, we have found that it is not possible
to synthesize molecules over 100 bases and so other ap-
proaches are needed to create internal standards that are
several hundred bases long. This report describes a novel
method for creating an internal standard for the intron 6
region of the p53 gene of the mouse (IS-6), enabling quan-
titative PCR analysis.
Protocol
The p53 intron 6 region was designed to be ampli-
fied with two primers (X and Y) giving a PCR prod-
uct of 305 bp. An internal standard was required to be
20−40 bp shorter than this, but amplifiable with the same
PCR primer pair. Two internal PCR primers (I and J) were
designed for the p53 sequence, either side of a 35-bp re-
gion which was to be deleted (Fig. 1). These primers were
used in conjunction with the intron 6 primers (X and Y)
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to create two PCR products of 164 bp (YI) and 104 bp
(XJ) (Fig. 2, lanes 1, 2, 3 and 4). The PCR reactions were
carried out in Taq polymerase thermo buffer (Promega)
with 1.5 mM MgCl2, 0.4 mM dNTP, 10 pmol each primer
(X:5’CCCTACCTCACTACAGGTGACC3’; Y: 5’CTTTCTAG-
CAACCCGTTTGC3’; I: 5’TTAGCATGGGAGGGAACC3’; J:
5’GTGTGCCGAACAGGTGG3’) and 1 unit of Taq poly-
merase (Promega). Amplification was performed in a DNA
engine thermal cycler (MJ research). The amplification of
the XY and XJ products consisted of the following ther-
mal profile: 94◦C for 30 s, 60◦C for 20 s and 72◦C for
20 s; 30 such cycles were performed. The amplification of Y
and I primers was performed at an annealing temperature
of 55◦C, but otherwise identically to the above conditions.
Twomicrolitres of the PCR products (YI andXJ) were ligated
together with 1 unit of DNA ligase (Boehringer Mannheim)
in 20 µl 1x ligase buffer at 16◦C overnight. However, be-
fore ligation, the PCR products were incubated at 37◦C for
4 h in order that any 3’ A overhangs induced by Taq poly-
merase (Ref. 4) were degraded. The ligation step was found
to be unsuccessful if this 37◦C incubation step was omitted.
The ligated product (1 µl) was then subject to PCR with the
X and Y primers (same conditions as above) and a 270-bp
product was amplified corresponding to the ligated product
(Fig. 2, lanes 5 and 6). This 270-bp product was gel purified,
reamplified by PCR (23 cycles) and subsequently used as an
internal standard for p53 intron 6 amplification. Figure 2,
lanes 9 and 10 show the coPCR of equal copy numbers (105)
of the internal standard and the intron 6 target. Alternative
ligation products fail to amplify with the X and Y primers
and hence do not cause problems with this technique. The
internal standard was subsequently sequenced and the se-
quence data showed that the two nested PCR products had
ligated effectively (Fig. 3). However, it was noticed that at
the ligation junction, two of the 3’ bases of the YI nested
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FIGURE 1. Schematic diagram of the p53 intron 6 region, showing the region to be deleted and the two internal PCR products which were ligated to
achieve a deletion mutant for use as an internal standard.
FIGURE 2. Gel picture showing the internal nested PCR products YI (164 bp, lanes 1 and 2) and XJ (104 bp, lanes 3 and 4), the ligated product amplified
with X and Y (270 bp, lanes 5 and 6) and the full-size PCR product of intron 6 amplified with X and Y (305 bp, lanes 7 and 8). Lanes 9 and 10 contain the
competitive amplification reaction of the internal standard and the target DNA. Lane 11 contains a DNA molecular weight marker.
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FIGURE 3. Sequence data obtained from the internal standard created for intron 6 of the p53 gene showing the ligation of the I and J primers. Note the
loss of two A bases from the 3’ end of the YI PCR product (the 5’ end of the I primer).
PCR product had been deleted, either by degredation of the
PCR product or possibly due to primer synthesis failure.
Hence the internal standard was 268 bp, not 270 bp.
In summary, this technique allows the construction of
deletion mutants of any size, for use in quantitative PCR
and may also be applicable to mutagenesis studies by al-
lowing the targeted deletion of short regions of genomic
DNA.
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Products Used
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Advanced
Biotechnologies
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Bioline
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
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Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Advanced
Biotechnologies
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Bioline
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
T4 DNA ligase: T4 DNA ligase from Boehringer
Mannheim
ligase: ligase from Boehringer Mannheim
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